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ABSTRACT

For the past several years NASA Code Q has
sponsored a set of trend analysis studies of past
spacecraft programs to better develop tailoring
guidance and improve test effectiveness. The absence”
of available data from other government or military
programs greatly impedes the analyses. However, the
analyses performed to date on JPL programs
accomplish two major objectives: (1) the
consequences of significance for the
environments/conditions analyzed indicate certain
strengths and weaknesses which are helpful in the
design of test programs and (2) the types of analyses
performed establish a useful template which addresses
specific issues that can be easily used when additional
data does become available. This paper is an
overview of the reports available in JPL D-11295
Rev. A, Environmental Test Effectiveness Analysis
Reports (For NASA Office of Safety and Mission
Assurance - Code Q).
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APPROACH

The study consisted primarily of evaluation of JPL
programs due to limited availability of other data.
Brainstorming of relevant issues worthy of evaluation
was performed. These issues were prioritized and are
being systematically studied. In order to disseminate
the results into the aerospace community and to
stimulate similar studies in the test community, the
trend reports were collected into a document which
will be continual y added to and corrected as more data
becomes available or as different issues are evaluated.

This paper is a compilation of succinct summaries of
the 22 Test Effectiveness Trend Analyses currently in
the report. In order to be succinct, the format
consistently followed is to reflect the issue,
conclusion, and major tables or figures supporting the
conclusion. For more detailed discussion of the
content, the document JPL D-11295 Rev. A has been
provided.

CLOSING REMARKS

In an era when many S/C have been flown, there is
an opportunity to learn from each other’s experiences
if the appropriate data is collected and shared. This
has not been the history of the Aerospace
community, i.e. to systematically collect and share
test and flight data. It is with great anticipation that
we await successful implementation of the new Space
System Engineering Database being developed by
Aerospace Corporation and contributed to by NASA.
The availability of more complete data will greatly
facilitate accurate information retrieval and test
program improvement. In this era of cheaper, faster,
better spacecraft, we can do well to learn the lessons
of the past and judiciously apply that knowledge to
make programs more effective. The content of the
analysis efforts to date will be greatly enhanced with
more and complete data,
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Identify trends in the test anomaly history for
environmental tests perfom~ed for a number of flight
projects to determine test effectiveness. The types of
trends that are considered include:



. .

. .

1.

2.

Comparisons of the effect iveness of
environmental tests for different flight projects
for which test parameters, such as levels and
durations, are different.

Comparisons of the anomalies occurring during
diffe~ent  environmental tests’ perform=d on ~
single flight project ,or instrument, for
comparison among different projects.

TETA STATUS

Released - Significant Trend Reports

TETA-TO-0001
Rev A

TETA-TO-0002

TETA-TO-0003

TETA-TO-0004

TETA-TO-0005

TETA-TO-0006

TETA-TO-0007

TETA-TO-0008

TETA-TO-0009

TETA-TO-0010

TETA-TO-0011

TETA-TO-0012

Powered-on Assembly Vibration
Testing on the Voyager and Galileo
Programs

Comparison of JPL Procured Flight
Hardware with System Contractor
Procured Flight Hardware

Environmental Test Effectiveness
As Indicated by Voyager and
Galileo Anomalies

Comparison of Voyager and Galileo
Problem/Failures on Electrical and
Electronic Subsystems

EMC Testing Significance

Effectiveness of Galileo Assembly
Level Dynamic Tests

Relationship of Design Changes
and Waived (EMC) Requirements to
Design Maturity

Problem/Failure Cause

Test Effectiveness and Reliability
Growth in JPL Programs

Causes of Anomalies During
Thermal-Vacuum Tests

Ef fec t iveness  o f Vacuum
Environment in the Thermal-
V a c u u m  T e s t

Assessment of EIMI Grounding
Problems Encountered in Flight
Hardware Prior to System Level
EMI Tests.

TETA-TO-0013 Impact of Hardware Complexity on
Problem/Failures

TETA-TO-0014 Problenfiailure  History vs. Origin
of Flight Hardware

TETA-TO-0015  Closure Time for Design Related
PFRs

TETA-TO-0016  Adequacy of Prelaunch Testing
Based on Early Flight Anomalies

TETA-TO-0017  Correlation of Advances in the
Spacecraft Digii.al Technology with
EMC Test Failure Rate

TETA-TO-0018 Trend of Defects Observed During
Galileo Assembly Level Dynamics
Tests

TETA-TO-0019  Effectiveness of Galileo Assembly
Level Dynamics Test versus
Number of Axes Tested

TETA-TO-0020 EMC Testing Failures - Waivers
vs. Design Changes

TETA-TO-0021  The Use of Ground Testing to
Reduce Potential Inflight
Anomalies

TETA-TO-0022 EMI Anomalies Encountered Prior
to Acceptance Testing

TETA TO 0001.- - ReLA

Powered-On Assemblv- Vibrat ion Testin~ On The
- And Galileo pr~

Is powered-on vibration necessary/useful?

Power-on is an important interrogation method
during vibration testing to uncover electrical
problems.
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Significance of Problem Failures
Uncovered by Power On Vibration

Total Vibration PFR’s
Number of
problems/failures
attributed to power-on
vibration which are not
believed to be otherwise
detectable.
Number of problems
detected by ~wered-on
vibration requiring
redesignhework  and
which if undetected
would have had major
mission impact,

T
Vo a er Galilee

84 20
44 14

3 1

Summary Of Power-On Vibration Results

I I
I Voyager I Galileo

Percentage of Problems
Requiring Powered-On
Vibration for Detection

Percentage Of Detected
Problems Which Have
Major Mission
Consequence In The
Absence Of

52%
(44/84)

7%
(3/44)

70%
(14/20)

7%
(1/14)

Redcsi@Rework. I I

~TA-TO-0002

Iparisen of JPL Procured Might  Hard ware
with SYstem Contractor Procured Hight Hardware

Iwe

Does directly procured hardware problem
identification/flight performance differ from
contractor procured hardware?

cclnclusion

Far fewer pre-launch PFRs on contractor
managed procurements and significantly more
flight problems than on directly managed
procurements suggest deficiencies in contractor
procurement management and problem reporting
systems.

Cornparing Four Similar Subsystems

Pre-Launch Flight
problenfiailures  ~ble~ailw Rath

JPL 34 12
CTR
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J3rvironrnental  Test Effectiveness  w In

-r rind G alileo AJlcmla!ki

Which environmental tests arc most effective in
finding problems?

Conclusions

On average, thermal vacuum tests are -20090  more
effective at the assembly level and -750Y0  more
effective at the system level  than vibration testing.
EMC test effectiveness is similar to vibration in
detecting problems.
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TN PFRs
VIB PFRs

Voyager 1.3
Galileo 3.0
Average -2<1
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of Voyagv and Galileo Problem/Fh
and liilgdromc Subsys&tm

Iss!Je
Does complexity of electronic hardware track in
the test programs?

Conclusion
Galileo had significantly more P/Fs than
Voyager on similar electrical hardware.
Difference not clearly defined, but attributed to
greater functional complexity. Designs are more
complex, but design process improvement
appears to be at a slower pace.

Range Of Differences: 1.4 X to 5.7X More

VOYAGER & GALlLEO P/Fs
ELECTRICAL & ELECTRONIC SUBSYSTEMS
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TETA-TO-000~

C Test]. .“. ng&gn.ificance

U
Is EMC testing significant as a screen for flight
hardware?

Conclusion
EMC significance has increased as complexity
and electronics density have increased.

Viking
Voyager
Galileo

Yo PFRs % PFRs % PFRs
In Thermal In Dynamics In EMC

Assy Assy Assy

w RSJS

-62% -28% -10%0
-“50% -4070 -1 Ovo
-58% -20%0 -22%

ELECTRONIC
DENSftY &
Complexly ~ /

I

VIK VGR GLL

ASSEMBLY-LEVEL P/FS VS TEST ENVIRONMENT
BY PROJECT

(Iwq (IWIJ (w7q own (loEq
FLIGHT PROJECT
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Effectivwess  of Galilbti  -lY Leve(
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Which dynamics testing was most effective in
finding problems?
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Conclusions

Sine testing is the most perceptive assembly
level dynamics test*.

TOTAL GLLTOTAL  PROBLEMS % %
Utilrisls EAU!REs Sir@ M“+Ad!JSllC  &

252 66 -6870 -27% -3% -1.5%

EA
%SINE %R;&OM%6S#E %R$~%~M

67%

T
MOST PERCEMTVE AS

WORKMANSHIP SCREEN

* Sine test was performed before random test. Also,
sine test can be a severe overtest if not carefully
administered. Excessive cycles can build at
resonant frequencies in non-flight manner.

**Uncertain P/Fs  (28) are proportionally distributed
between random and sine tests.

iv~

Table 1. Dynamic Test Failures vs. Test Environment

Test  Env, Total TesIs Failures Yield
Relative

Qu# FA Total Q#l FA To[al Relative
To All SpeAific
Tests Env.

I. Random 66 46 112 6 4 10 4.0% 8.9%
Vih.

2.Si8w  vib. 66 46 112 16 9 25 9.9% 2&%
3.Sim  cm -. -. -- 16 12 28 11.1%

Random*
4 Shock 14 0 0.4%
5 Acoustic 14 0 :: ; : ; 0.8% At
To(al 160 92 252 4! 25 66 26.2% --

* Could not redetermined if faihsre occurred during sine
or random vibration.

Table 2, provided below, was developed by distributing
the failures attributed to “sineorrandom” vibration, Item
3 in Table 1 above, to each of the sine and random
vibration environments proportionally as indicated in
Table 1.

Table2. Dvnamic Test Failures with Distributed
U;known Test Environment

Test Env. To[al Tcs(s Failures Yield
Relative

Qu# FA Total Q#ll FA Total Relative
T;e~~l S:::?

1. Random 66 46 112 10.4 7.1 18 7.1% 16.1%
Vib.
2. Siw 66 46 112 27.6 17.3 45 17,9% 40.2%
Vib,
3. Sine or .- -- -. -. Dist -- -- --
Random
4  Shcck 14 0 14 --I 0.4%
5. Acoustic 14 0 14 2 - ;< 0.8% II:
Total 160 92 2s2 41 25 66 26,2% --

TETA-TO-OOQ~

~ela tionshir)  of Des ~iun chan~ s and Waived ~EMC)
Beau cments to Deir sig~

h

What is the significance of design maturity on
EMC anomalies and their disposition?

Conclusion

Design changes due to EMC anomalies are
significantly greater for new hardware designs.
Past programs provide a strong experience base
from which to waive anomalies on inherited
designs. Suggests  test  levels  may be
unnecessarily conservative for programs with
significant experience. ;

rwno RATSO
QE-WUYERS

VOYAGER (MOSTLY NEW DESIGN) 2.3 1
——..— ——

GLL (VGR  EXPERIENCEVINH.) 1 10.3

ECRS & WAIVERS RESULTING FROM VIKING, VOYAGER &
GALlLEO EMC TESTING
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TETA-T()-()()()&

Jlobler-n/Fa ih,rre CW

Iss.u.E

What are the principal causes of test
problerrdfailures  on JPL hardware, and how ‘do
they compare to the TIROS and NOAA
programs?
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Conclusion PIF CAUSES FOR COMPOSITE JPL DATA BASE

Design problems represent -60% of the
problems/failures revealed during testing, while
parts related problems are the cause - 12% of the
time. By contrast to TIROS-NOAA, design
causes were -32%, while parts causes were --28%
for WC built by a major system contractor.
May suggest significant differences in the parts
program.

ASSEMBLY-LEVEL P/FS BY CAUSE
VS PROJECT

~ ,~
hWUNER S 9  hUJUNER  7 1  WWiQ VOYAGER GNJLEO

(1s69) [1 WI) (197s) (1s7?) (lesq
FUGHf  PROJECT

❑ DESIGN ❑ M,UWJDPK  ■ PARTS

SYSTEM-LEVEL P/FS BY CAUSE

FLIGHT PR-CJECT

❑ OES)’3N  B WMORK  ■ PAJw3

,:

BY PERCENT

1-. . . .

Ei”-”--’--”-”-----”--’dllllj
DESIGN

C:;E

TETA-TO-OO@

Test Effectiveness  and 1{liability
Growth in JPL PrOW!II.S

I

Has assembly test effectiveness imrxoved and
reliability y gro-wth  occurred on JPL pr;grams?

Significantly improved assembly test
effectiveness and reliability growth has occurred
over the last 20 years.

Ratio of
Flight  PFRs

@JW!LEEm

Mariner (1969) -.55
Mariner (1971) -.45
Viking (1975) -.03
Voyager (1977) -.02~,

I Ii
Gaiil~o (1989)” -.05

L-o.u Effectiveness of Test Program and Reliability Growth
as a Function Time (As of 4/15/92)

P/F CAUSES FOR TDR DATA BASE
BY PERCENT

103
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* Flight  Anomalies nozmnlized  by WC years
● Test Anomalies nomzzdizcd  by no. of hardware sets undergoing

hardwsre  testing.
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TETA-TO-OO I Q

Causes of Anomalies during Thermal-Vacuum Tests

What was the cause of anomalies during
assembly thermal-vacuum tests?

Conclusion

For Voyager and Galileo, design defects were the
major cause, Suggests additional design analyses
and improved reviews earlier in the development
cycle may be cost effective compared to the
impact on cost and schedule caused by
redesignhework  later.

Hard ware-Related Anomaly Causes-Percentages

Workmanship & Manufacturing 27%
Parts & Materials 3070
Design 43-44%.

Assembly-Level Thermal/Vacuum Test Causes

Caw Vwafie, Chhko Ta#
Number I % Number 1 u N.m6cr a

ncsm” 16 43 15 44 31 1 436
Workmanship 10

I
27

I
265 268

..,+

lu5zLLL’ i’’i’’i”~l”~l

Table 1. Assembly-Level TV Test
PRLX;RA.M V[)YA[,  I.

Q

d ~ ‘:7ii]

GAI.  !.6. )
DEPFNDENC’Y NUMBER PTRCtNl NLI?JUFR Pt,RCE~

Numhr  wk,,  wn~alurt cmly 196 7 ,4
required
Numb .bcrc umpxaw!c  & 1 1. .47.
vacuum Lwx6 reLIUIITd  due  m
in flucnct  .r wcu.rn  on tcmrcrawre
:;,;c>wktc  vacuum  slow ?t 4s 7 .

Numta  wkrt depcmkncy  wa< 4
.ndctennimd
Numter  where none  O( ti spore
c.vtronmcnu  was required

TOTALS 46 100 36

Table 2. Sys[em-Level  TV Test

IN “mu”DEPENDENCY i NL#yi’’::.-t
umtct  wkrc  tcmpmwc  cd!y. . . . ...-”

,.”  .!,..

NumLuc .bm wmmawfc  k I 6 1 13 ~+1
vmwum  W rtq”iicd  duc u
Imlwrax of vmmum cm lcnipcmlwc
N.mbtr  W6CK vacuum  akx 6
rc~uiwd

%umttr what  dq.wn!c “Cy Wu
un&lermincd

~um~r  W6CIC  IKOC  y,% ~drd 1 .
,“nrmrn,”u  Wt!  mq

TOT A1.S 6: i=i

IETA TO OOU.--,

~~d
rd ware Prior to Sv@n  Le vel Eus

When are EMI grounding problems most
prevalent and what are the implications for
hardware development?

-- 11

Effectiveness of Vacuum ~
m-v~

Is vacuum necessary for a thermal test to be
efftitive?

concltssioq

Vacuum during testing of electronic hardware is a
significant factor in the effectiveness of the
thermal test because of the relationship to
individual part/junction temperatures and
performance parameters.

A vacuum environment can also, be an important
factor in uncovering problems not influenced by
temperature per se.

Most (EMI) grounding problems are uncovered
during functional testing during the early
hardware development stage rather than during
EMC testing. This suggests that EMC
grounding design guidelines be more rigorously
implemented and that EMI tests for detecting
grounding problems be developed/performed to
check out grounding design at the beginning of
assembly level  functional testing to minimize
schedule and costs impact associated with delays.

Fraction Of
Total EMI Problems

PFRs Detected
All EMI Test 227 213
(All Causes)

EMI Grounding Problems 110 1/3
(Found In Functional Tests)
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Table 1. Comparison of PFRs Due to EMI
Grounding Problems with Total Number of EMI

PFRs From EMC-Tests

F!lQ@ts No. of Em
F’FRs Obta nedi

From EMC -

(Normally At
End Of Assy Test

No. of JWU

e
ecorded IrI

BMC - Tests
Program)

Seasat 2 0
Mariner-Mars 11 10

Venus
Mars Observer 24 16

Magellan 18 3
Galileo 43 13
Voyager 68 21
Vikine 44 12

Ii I 227 I 110 11

(*) Tests  were sparse and only on system level

TETA-TO-0013

)~Hardw lexi lem Fail

What is the relationship of design complexity to
hardware problems?

Mechanical complexity differences were not
determinable. Electrical complexity as
distinguished by part count directly correlates to
significant increase in problerdfailures.

Percent of P/Fs on Electrical and Electronic Hardware
PIFs No. Of Parts

In Aff@ed Hdwr
Voyager 73.4Yo- 31,000
Galileo 87.4% 40,000

19% Inc 29% Inc

VOYAGER & GALILEO

TEST P/FS VS HARDWARE TYPE
AS A PERCENTAGE BY ASSEMBLY*

100 — —— ~

n

i

---1
—---4

i
i

1.2 09 i“
MEcH.U41CA. ELECT.6ELECTFIC+W mCPJLsloN&Pmo

HARDWARE 71’PE

g VOYK3ER  ~ G4JLE0
——.  — . .  —.— . .—

8FOR PIFS C4  USW  BYDEsIGN, WORKdM#lJF.,L4 PAR73

TETA-TO-0014

ProblernlFailure Historw vs. Ori~in Of Flirzl_j.f
lk!@!@E

Relationship of rigor of environmental test
program to flight results

Conclusion

Based on limited evaluations to date, conservative
environmental tests programs correlate with
reliable spacecraft performance. Less
conservative programs considered to date have
experienced a higher incidence for flight problems
and operational difficulties.

The flight programs studiecl, whose hardware
development conformed to the consistently
rigorous environmental test program, included
Viking Orbiter, Voyager, Galileo and the
Magellan  Synthetic Aperture Radar (SAR). The
S/C correlated to date tested to less conservative
standards are the Magellan S/C and Mars
Observer.

Ratio of average rate of flight P/Fs for the first 3
years of flight to prelaunch (ground test) PFRs:

FLT hardware tested to JPL D-1489 level
requirements: Ranged from 1.-1 To 5;2
MGN FLT hardware not so tested: 20.0

(Mission Successful)
MO FLT hardware not so tested*: -

(Mission Failed)

* Data incomplete when study performed, WC
failed August 1993.
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Table 1. Measure of Effectiveness of Product
Assurance Requirements in Reducing Flight PFRs

Program No 01 No. 0( No. Of No. Of
s

No, Of
tIdw

Av;,taIt
FII Test FI1 PFRs

$+Ls Slc PFW ~r S/S PFSW?%,
Total I No Of (x
No. Of slc.Yr$. Prelaunch

.s For !s;
3 Yrs Of

FII
(C&6~

I o- !4

iking 14 3 2 49 0.83
,rhikr

1.7

gaeer 15 3 2 46 0.24*** 5,2***

a[ileo Is 1 I 180 0,42 2.3

agellan
ass A 3 1 1
1489

1 S6 0.78 5.0

jwf

agcllan 5 t I 63 1.27
D.1489**

20.0

* Since this includes the SAR which is as comnlex
as the rest of MGN Fh hardware, the resrults
obtained are upper limit conservative values.

** e.g. modified Mermal  & vib~n test
*** Va]ues for Voyager for the entire time since

launch (in its 15th yr. of operation) are
significantly different; column 6 value is, =.06;
the corresponding value for column 7 is 1.3.

Table 2. Distribution Of PFRs On Mars Observer
According To

Cognizance Of Subsystems In Which PFRs
Occumed+

TETA-TO-()(1 ]~

Closure Time For ~~R4ated PFRs

Is.sM

What correlation exists of S/C complexity to the
elapsed time between opening and closing of
design-related PFRs?

Conclusion

The closure time for JPL in-house programs
design-related PFRs increased chronologically
from Mariner 71 to Galileo. S/C complexity
also increased with each mission. Efforts to
shorten the time to closure have led to the
implementation of a concurrent engineering
concept so that the reliability engineer is in
parallel with the problem identification/
resolution rather than in series,

Earliest Program-Mariner 71, to L,atest  the Progran~-
Galileo:

Threefol d Increase in Cl~sure Times

DISTRIBUTION OF CLOSURE TtMES FOR DESIGN
RELATED SIGNIFICANT PFRS FOR MARINER 71-GAULIX)
goa
t= 1 1

M 71 mmNa  voYAQm  OALILEO—. .. -...+  .._-

Cognizance No. of No. of TETA-TO-OOltj
of Subsys.  or PFRs Ave

Hardware Inst.
JPL

Adequacv  of Pre]aunch Testine  Based on
10 63 6.3

Earlv Fliehi

System 8 102
AMmMlkS

12.8
contractor

+ Thirty five PFRs were assigned to system-level or Inference of the correlation of rate of prelaunch
sic U probletifailure  to the rate during the early part of

S/C flight on prelaunch test adequacy.



Conclusion Total Number of EMC Test PFRs

On three of four JPL flight programs, the
in flight problcm/failure  rate immediately after
launch is similar to the rate during prelaunch
operations . Additional ground functional testing
would likely reduce early flight problems.

REGRESSION OF ANOMALIES VS TIME
PRE & POST LAUNCH
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!3 rrelation  of Advances in SrIacecraft  Di~i~
Technolo~v with EMC Test Failure Rate

Correlation between the problendfailure  rate in
EMC testing and the evolution of electronic
technology?

conchrsio~

Increased complexity and sophistication of
electronic hardware has resulted in a significant
increase in the number of failures resulting from
EMC testing of S/C. The continuing evolution
of electronic technology portends increasing
numbers of EMC test failures; test programs and
hardware development schedules will need to be
adjusted accordingly.

Increase in Number of EMC PFRs vs. Time

Program PFRs

Mariner 6 (1969) 6
Viking Orbiter (1975) 35
Voyager (1977) 5 8
Galileo (1989) 134

‘:EiEEEi!_l
m 19m 19A mm 195 19m 1s m

YMR

TETA-TO-(K)I  fj

Trend of Defects Observed Du ring Galileo Awm.blY
J.evel Dvnamics Iks45

Iswe

Relative effectiveness of assembly level
dynamics tests in detecting design, workmanship,
and manufacturing defects?

Conclusion

Based on Galileo experience, design defects as a
single category of problerrdfailure  (P/F) are more
prevalent during assembly level dynamics testing
than any other type failures.

(Three JPL programs built under a system contractor
had less EMC-related  PFRs.)
The implication of this difference is being evaluated.
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Dynamic Environm~nts  Include Sine, Random
Vibration. Acoustic And Shock

Percentages Of Causes For 64 Dynamics Test P/Fs

Design 47V0
Workmanship 16%
Manufacturing 8%
Other Problems 30%

Sine Vibration -----> Uncovered at least twice as many
P/Fs as any other dynamics environment

Galileo Dwramics  Assembly Tests PFR’s

I Cause Code * I C$alPF  FA ~ ‘oa’  % I

Dxign 22 8 30 47

g Wokrnawh~ 7 3 10 16
-
~ Manufacturing 4 1 5 8

Sub totil 33 12 45 70

z~
* tlher

E

6 13 19 30

Tord  pF1/’s 39 25 64 103

Totil  Teats 10 92 252

Dynamics Teat Failurea  Vs. TeaI Environroent
4

@lIF’F FA
Awmt4y Failure

$ *
TW  E4Wtiflt?nl

“8

! 1

i ~ ‘ ~ j

Caxe w
~ * ] j ~ * j $

SW Vibraica II o 3 d6 2 3 I 4d

Rdcm Vi,rdm 5 I o 66 1 0 0 4d

Sinr  or Ra&m* 4 b I o s o 0 0

kmuhc 2 0 0 14 0 0 0 0
— -.— — _

Skk 0 0 0 14 0 0 0 0

Taal 22 7 4 160 s 3 I Q
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Effectiveness of Galileo Asscmblv  Level Dvna~i~
Wt. versus Number of Axes Tested

w
Relative effectiveness of assembly level
dynamics tests versus the number of axes tested?

Based on Galileo experience, the maximum
required number of axes in which assemblies
must be vibration tested to detect potential
design/workmanship defects is two; limiting
testing to one axis will leave many such defects
undetected. * Performing the third axis of
vibration may reveal a few additional defects.

14 Design. Workrnanshir),  and Manufacturirw  Defem
were detected after two axes of Vibration Te@

> were detected after the first axis caf vibrati~

*Care should be taken to select the two most
sensitive axes.

Dynamic Assembly Test Failures
by Known Order of Occurrence

~TI Test Entiroraned I I I Fg ,3m

w+, 4,

I Sim  Vilxatbn
.dmm

HliEl
* Ccwld  ccx k &acmuti  if falurc caurtd  dum$ $int  u &m wtrawm
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I~MC Testirw Failures-Waivers vs. Design Charuzes

IssL!G

Do the large number of waivers to failed EMC
tests reflect overly severe test requirements, and
how do the flight results correlate?

~onclusiorl

Evaluation of EMC Test anomalies resulting in
waivers reveal that the anomal]es ge nerally
Cesu lted from the exceedin~ of allowable
gmissions  over a verv narrow band width of
freauences tht do not cause pe r fo rmancei
P~. Theacurrent  p r a c t i c e  o f  u s i n g  t h e

military standards test specifications as a baseline

for EMC requirements provides a high degree of
conservatism. A higher degree of early tailoring
to specific mission requirements would improve
cost and schedule impact.

Percentage of P/Fs Related to Emission Spec
Violations, including Magnetics

Voyager 66%

Galileo 77%

Percentage of Waivers Related To
Emission Spec Violations

PFR Statistics for Electromagnetic, Compatibility
Tests Spacecraft Mission: Voyager

EMC Test M Nod

ii

% of Total RationM#s)  for
Waivers

F&

FFP.s Waivers

Conduc!ed 14 2 19 10 Emission
Emissions meas”rementi

above S~.
limits

Conducted 6 2 8

+1

10 Hardware
Susceptibility suxe tible  10

!field evels  at
certain
fre uencies

Radiated 2
Emissions

I ‘::’:: fbi’i’yl ‘1 212:1 “ IHE

Voyager 70%

Galileo 74%
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TPFR Statistics for E ectrornamretic  Conmatibility
Tests Spacecraft  Mis~ion:  Galile~  - Criteria for Assigning Anomaly to Ground Test

II Ground Test I Criteria

Ration%(s)  fo

:

E.!.ic  TN( No Of
PFRs

Conducted 38
Enli.ss ions

Conducted 9
Susceplibilily

Assignment
DynamicsNo of

Waivers
% of Total The anomaly occurred

during or very near the
launch phase of the
mission or occurred
during pyrotechnic events
during launch vehicle
staging, the deployment
of various devices or
structures,  etc.
The anomaly occurred in
electronic devices or was
related to degradation of

FfP4—

26

Waivers

20 Emission
measurcmems
above spcc.
limits

Hardware
suweptible  to
field  levels  a!
cermin
frequencies

Electric field
emission
measure menL$
above S~,
Iimils

Hardware
susceptible to
field levels at
cerlain
frequent ies

Max.  magnetic
f-lcl& spcc.
limils  are
exceeded

a) shorted
circuits. b)
chassis nol  well
~~$a~i$ndic~

than required
by SWS.

2 6 6

Thermal/Vacuum

i

Radiated 62
Emissions

Radiated 16
Susceptibility

’26

20

28

9 43

—

7

10

11

—

+

Magnclics 12
Emissions

Isolation & 9
Orounding

8

0

_

6

—

o Summary of Potential Tests”to Detect In-Flight
Anomalies

‘aIC:

4Total 146

IETA  To  0fX2.-

The Use of Ground Testing to Reduce Potential Note: S/C
T/V
DYN
EMC
W-W
LIFE

.-
.

Spacecraft
Thermal-Vacuum Test
Dynamics Test (Power On)
Electromagnetic Compatibility
Test of Software or Programming
Life Test (or Operational Test for
an extended p-iod)
No Test
Mariner 71
Viking
Voyager
Galileo

w
Effectiveness of ground testing of flight
hardware in reducing flight anomalies

Potentially, 49 percent of the flight anomalies
for four JPL flight programs, Mariner71, Viking
Orbiter, Galileo, and Voyager, reviewed in this
study could have been detected by appropriate
additional ground environmental testing.
Modification or augmentation of current tests is
needed to increase test effectiveness.

N~
MM
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GLL
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1 iMI Anomalies Encountcrecl Prior  To Acccptancc
m

EMI problems tend to be disclosed late in the
formal environmental qualification of flight
assemblies which affects schcdulc,  costs, and
incurs incrcascd risk (waivers). What
improvements arc ncccssary  to improve this
situation?

Conclusions

Problcnl/Failure rcpor[s (PFRs) from 5 flight
projcc[s, Voyager, Galileo, Magcllan,  Mars
Observer, and Topcx, reveal that EMI Problems
occur randomly during dcvclopmcntal  activities,
but that the only formal scrccn for thcm is late in
the dcvclopmcnt  cycle. Suggest that more early
s[ructurcd  and pcrccptivc  EM] testing would bc
beneficial for identifying EM1 problems.

The dcvclcspmcnt  of a conducted emission test to
bc added to the standard suite of EMC tests could
prove cost cffcctivc  for  identifying
dcvclopmcntal,  as WC1l  as other t ypcs of IiMl
problems.

Number of PIRs for EMI-Related Anomalies during
Dcvclopmcntal  and

Jjabrication  Testing of Spacccrafl  Assemblies
SW’ IIl,pr,)pcr (’<WJUCIC sPu~i.u$ Rll ,1 random

Sl>icld,,,g d
Gr<lurnd,  nR

lh,i:iom
& R.diwd
Coupl,,lg llncicqircd

RC$pomc

Voy,ccr 40 24 13 8 II 21
GA  1,<! 6[ 1s 8 7 9 13

,, MW,!, 6 1 4 2 4 3
M,,h 24 10 4 2 4
01>,,,  ”,,

16

,1 “p,  x 21 11 4 6 6 9
d

Number of PFRs during EMC Testing pcr
MII.-STD-46l/462.
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The research dcscribcd  in this paper was carried out at
the Jet Propulsion I.aboratory,  California lnstitutc  of
I’cchno]ogy,  under a contract with the National
Aeronautics and Space Administration.


